Objective: To assess the safety and efficacy of tesofensine, a triple monoamine reuptake inhibitor, in patients with advanced Parkinson disease (PD).
a steering committee consisting of the coordinating investigator (O.R.), 2 movement disorder specialists with experience in clinical trials (W.P. and A.L.), and 2 representatives of the study sponsor (L.S. and J. Reess, MD).
ETHICS
The protocol was approved by independent ethics committees at each site and complied with local laws, the Declaration of Helsinki (version 1996) , and the International Conference on Harmonisation "Guidelines for Good Clinical Practice." Each patient provided written informed consent before enrollment.
STUDY DESIGN AND TREATMENT
The ADVANS trial was a 14-week pilot, proof-of-concept, phase 2, randomized, double-blind, placebo-controlled, parallelgroup study of tesofensine in patients with advanced PD. Patients received tablets of tesofensine (0.125, 0.25, 0.5, or 1 mg) or placebo once daily. This range of dosages was chosen based on (1) single oral dose tolerability data for tesofensine (up to 10 mg) in healthy volunteers demonstrating sleep difficulties at high dosages 3 and (2) positron emission tomography data showing receptor occupancy of 77% at the 1-mg dosage. 4 
PARTICIPANTS
Eligible patients were between 40 and 80 years of age, had been diagnosed as having idiopathic PD at least 2 years previously, had a modified Hoehn and Yahr stage of II to III during "on" time, 5 were treated with levodopa 3 to 8 times daily at an optimal and stable dosage for at least 4 weeks, experienced motor fluctuations with 2.0 to 6.0 hours daily "off" time during waking hours (on 2 consecutive days before baseline), and were able to comply with the study protocol. Concomitant treatment with dopamine agonists, entacapone, antiparkinsonian anticholinergics, amantadine hydrochloride, hypnotics, or anxiolytics was allowed at a stable dosage from at least 4 weeks before screening until the end of the study.
Exclusion criteria were electrocardiographic abnormalities; atypical or secondary causes of parkinsonism; treatment with digoxin in the 7 days before screening; dementia (Mini-Mental State Examination score, Ͻ26); treatment with selegiline hydrochloride within 8 weeks before screening; a history of mental disorder, psychosis, or central nervous system injury or disease; hypotension or uncontrolled hypertension or any other significant medical comorbidity; and regular use of antidepressants, psychotropic drugs, or drugs with central dopaminergic antagonist activity within 4 weeks before screening.
END POINTS
Because the ADVANS study was a pilot exploratory, nonpivotal, phase 2 trial and no previous relevant data were available, there were 2 coprimary efficacy outcome measures. These were (1) the changes from baseline to end of study in Unified Parkinson Disease Rating Scale (UPDRS) subscale II (activities of daily living) and subscale III (motor functioning) total score and (2) the changes in percentage of waking hours spent in off time as recorded on diaries. 6, 7 Secondary exploratory efficacy measures were changes from baseline to end of study in the following: percentage of waking hours spent in on time without troublesome dyskinesia (ie, without dyskinesia or with nontroublesome dyskinesia), percentage of waking hours spent in on time with troublesome dyskinesia, percentage of patients responding with at least 20% improvement in UPDRS subscale II plus subscale III total score, and percentage of patients responding with at least 20% reduction in percentage of waking hours spent in off time.
Safety measures included the incidence and severity of adverse events and withdrawals owing to adverse events. Vital signs, body weight, clinical laboratory values, and pharmacokinetic variables were also monitored.
Patients were evaluated at investigators' centers (at baseline and at weeks 2, 4, 6, 8, 10, and 14) , with additional telephone interviews at weeks 1, 5, 7, and 12. Unified Parkinson Disease Rating Scale subscale II was scored for best (on) and worst (off ) status. Unified Parkinson Disease Rating Scale subscale III was assessed when patients were receiving levodopa. Investigators were trained and certified in UPDRS rating. Off time was calculated from the patients' diaries for 2 consecutive days before each clinic visit. Each patient was trained to recognize on and off times and was asked to make diary entries at 30-minute intervals from 6 AM to midnight. Test diaries of concordance between the patient and the investigator were used to verify successful completion of patient diary training.
Blood samples for pharmacokinetic and laboratory analyses were taken at baseline and at weeks 4, 6, 8, 10, and 14. Plasma concentrations of tesofensine were analyzed using a fully validated high-performance liquid chromatography tandem mass spectrometry method at Boehringer Ingelheim, Biberach, Germany.
RANDOMIZATION AND BLINDING
The randomization code was generated by the sponsor using a commercially available program (ClinPro/LBL Clinical Label Generation System; Clinical Systems, Inc, Garden City, New Jersey). Patients were randomized by receiving the medication kit with the lowest number. Patients, investigators, and sponsor personnel were blinded to the study treatments. Emergency envelopes containing each patient's treatment code were provided to the investigators.
SAMPLE SIZE CALCULATION
A sample size of 50 patients per group was planned to detect (at any dosage at a 5% significance level) a treatment effect of 7 points in UPDRS subscale II plus subscale III total score (assuming a 13.9 SD) and a treatment effect of 80 minutes in off time (assuming a 2.6-hour SD). A similar reduction in off time was observed in a comparable population using the monoamine oxidase type B inhibitor rasagiline mesylate, 8 while smaller but potentially clinically relevant UPDRS changes have been described in others. 9 
STATISTICAL ANALYSIS
The null hypothesis was that there was no difference between patients treated with placebo and patients treated with tesofensine at any dosage. The alternative was that tesofensine at any dosage was superior to placebo. The statistical tests used for the regression coefficient and for the comparison of tesofensine and placebo were 1-sided 2-sample tests at a 5% significance level. No statistical adjustment for having 2 coprimary results or multiple comparisons was made. Statistical analyses were considered descriptive only because of the exploratory design of the pilot trial.
Safety analyses were based on the safety set, defined as patients who received at least 1 dose of treatment. Efficacy analyses were based on the full-analysis set, defined as patients with at least 1 posttreatment efficacy evaluation for at least 1 of the coprimary end points. The last-observation-carried-forward method was used to estimate missing efficacy data. Analysis of covariance was used to perform linear regressions and pair-wise comparisons between placebo and each dosage of tesofensine and to test for differences in the secondary end points.
RESULTS

PATIENT FLOW
The patient flow is illustrated in Figure 1 . Overall, 314 patients were screened; 60 patients were excluded primarily because their daily off time did not fall between 2.0 and 6.0 hours or because they had clinically significant electrocardiographic abnormalities. Therefore, 254 patients were randomized and received treatment (safety set). Three of these patients did not have an efficacy assessment; therefore, the full-analysis set comprised 251 patients. Seventy of 254 patients (27.6%) discontinued treatment prematurely, primarily because of adverse events (53 patients [20.9%]). The percentages of patients who prematurely withdrew because of adverse events were 22.4%, 11.5%, 25.0%, and 27.1% in the groups receiving tesofensine, 0.125, 0.25, 0.5, and 1 mg, respectively, compared with 18.4% in the placebo group. Patient demographics, baseline disease characteristics, and concomitant PD therapy are given in Table 1 .
PRIMARY OUTCOMES
Compared with the placebo group, the adjusted mean changes in UPDRS subscale II plus subscale III total score in the tesofensine treatment groups ranged from −1.2 points in the 0.25-mg-treated group to −4.7 points in the 0.5-mg-treated group ( Table 2) . There was a trend to greater efficacy with the 2 highest dosages, but the difference relative to placebo reached statistical signifi- cance only in the 0.5-mg-treated group (P =.005). The adjusted mean changes in percentage of waking hours spent in off time from baseline to study end in the tesofensine treatment groups varied from 3.6% (35 minutes vs placebo) with tesofensine, 0.125 mg, to −7.1% (−68 minutes vs placebo) with tesofensine, 0.25 mg. The difference relative to placebo was statistically significant (P=.02) only in the 0.25-mg-treated group. No dose-response relationship could be established.
SECONDARY END POINTS
A greater proportion of patients responded with at least 20% (range, 26%-40%) improvement in UPDRS subscale II plus subscale III total score in all the tesofensine arms of the trial compared with placebo (14%) ( Table 3) . However, there was no dose-response relationship. A greater proportion of patients responded with at least 20% improvement in off time in the 3 highest-dosage tesofensine treatment groups than in the placebo group. The difference relative to placebo was statistically significant only in the group receiving tesofensine, 1 mg. Improvements relative to placebo in on time without troublesome dyskinesia were observed only in the group receiving tesofensine, 0.25 mg. Patients in the groups receiving tesofensine, 0.25 and 1 mg, experienced increases in on time with troublesome dyskinesia. No dose-response relationship was apparent for any secondary end point.
PHARMACOKINETICS
Steady-state plasma concentrations of tesofensine were reached at 4 to 6 weeks. The concentration increased in a log-linear relationship with the dosage administered (Figure 2) .
SAFETY
More patients in the pooled tesofensine treatment groups (81.5%) than in the placebo group (73.5%) experienced Table 4) . Patients in the tesofensine treatment groups experienced a higher rate of nervous system disorders (dyskinesia and headache), gastrointestinal tract disorders (nausea and constipation), and psychiatric disorders (hallucinations and insomnia). Most adverse events were assessed as mild. The incidences of severe adverse events were 20.4% in the placebo group and 16.6% in the pooled tesofensine treatment groups. The most frequently reported severe adverse event in the tesofensine treatment groups was dyskinesia (2% in the 0.125-mgtreated group, 6% in the 0.25-mg-treated group, 4% in the 0.5-mg-treated group, and 0% in the 1-mg-treated group).
Serious adverse events were more frequently reported with placebo (12.2%) than with tesofensine treatment (5.9%). Three patients experienced serious adverse events that were considered drug related: 1 patient in the group receiving tesofensine, 1 mg, experienced severe tightness of the chest, possibly due to exacerbation of the "wearing-off" effect, and 2 patients in the placebo group developed visual hallucinations and acute anemia, respectively. Two patients died during the study, both of whom had received tesofensine: 1 patient in the 0.25-mg-treated group died after aspirating food, and 1 patient in the 0.5-mg-treated group died of acute myocardial infarction. Neither death was considered drug related.
Overall, the mean changes in supine systolic blood pressure in the tesofensine treatment groups were minimal (ranging from −0.29 mm Hg in the 0.125-mg-treated group to −1.95 mm Hg in the 0.5-mg-treated group) compared with a small increase in blood pressure (0.75 mm Hg) in the placebo group. A clinically relevant decrease (a reduction of Ն20 mm Hg, with a final value of Յ90 mm Hg) in the mean systolic blood pressure was recorded in 6 of 205 patients (2.9%) in the tesofensine treatment groups but in no patients in the placebo group. A dose-dependent increase in heart rate was observed in patients in all 4 tesofensine treatment groups (mean change in heart rate, −0.8 beats/ min in the placebo group, 4.7 beats/min in the 0.125-mgtreated group, 4.7 beats/min in the 0.25-mg-treated group, 5.6 beats/min in the 0.5-mg-treated group, and 6.7 beats/ min in the 1-mg-treated group).
Decreases in the mean body weight were observed in patients in all treatment groups except the group receiving tesofensine, 0.125 mg (−0.2 kg in the placebo group, −0.3 kg in the 0.125-mg-treated group, −0.7 kg in the 0.25-mg-treated group, −0.6 kg in the 0.5-mg-treated group, and −1.1 kg in the 1-mg-treated group). No clinically significant changes were observed in any laboratory variables.
COMMENT
Patients with advanced PD receiving the monoamine reuptake blocker tesofensine experienced modest improvements in some parkinsonian symptoms. Drugplasma concentrations increased linearly with dosage, while no dose-response relationship was observed. The effective dosage of tesofensine was different for each of the coprimary outcome measures, namely, 0.5 mg in reducing UPDRS subscale II and subscale III total score and 0.25 mg in reducing percentage of waking hours spent in off time. Dopaminergic adverse drug reactions such as dyskinesias and gastrointestinal tract and neuropsychiatric symptoms tended to be more frequent in the groups receiving higher tesofensine dosages.
The modest antiparkinsonian response, the lack of a dose-response effect, and the worsening of dyskinesia were unexpected findings, contrasting with the clear antiparkinsonian effect and the low propensity to induce dyskinesia of tesofensine 4 and of a related reuptake inhibitor, brasofensine maleate, in animal models of PD. 10 Clinical studies failed to demonstrate superiority of tesofensine over placebo in patients with early 11 and advanced 12 PD, while small and variable effects have been reported with methylphenidate hydrochloride, an inhibitor of the dopamine transporter. 13, 14 Nevertheless, several results of the ADVANS study preclude an outright dismissal of a potential benefit of the tesofensine and provide clinical signs of antiparkinsonian efficacy. The 0.5-mg dosage was statistically superior to placebo in improving UPDRS scores, and UPDRS responder rates were higher in all 4 tesofensine treatment groups compared with the placebo group. The adverse effect profile of tesofensine treatment was consistent with clinical aminergic activity: tachycardia, insomnia, and weight loss suggest noradrenergic activation, while dyskinesia, nausea, and hallucinations are indicative of dopaminergic effects. Because the ADVANS trial is a small proof-ofconcept study, it is plausible that larger and betterpowered trials could demonstrate in a more consistent manner the antiparkinsonian properties of tesofensine. Moreover, the high dropout rate observed in this population of patients with advanced PD may have contributed to reduce the effect size reported in the trial.
Previous positron emission tomography investigations of dopamine transporter occupancy by tesofensine demonstrated 18% occupancy at 0.125-mg dosages, 42% at 0.25-mg dosages, 61% at 0.5-mg dosages, and 77% at 1-mg dosages. 4 In the ADVANS study, the lowest tesofensine dosage (0.125 mg) elicited no tolerability or efficacy signal, while the 0.25-mg dosage seemed to be the smallest active dosage. Safety data suggest that dosages of tesofensine above 1 mg/d might pose tolerability concerns in patients with advanced PD, including cardiovascular effects (tachycardia) and psychiatric effects (hallucinations and insomnia). It is unclear why this study failed to show a clear dose-response relationship for any of the primary or secondary outcomes. This may be related to cumulative dopamine transporter blockade in the striatum because of the long half-life of the drug or because of dosedependent changes in dopaminergic relative to noradrenergic reuptake blockade, with different responses of various parkinsonian symptoms to dopaminergic vs noradrenergic mechanisms. Other clinical paradoxes such as the lack of tesofensine motor effects in patients with early PD, 11 despite the high number of striatal dopamine transporters at this stage, 15, 16 may have similar explanations. In conclusion, the ADVANS study provided some indications of an antiparkinsonian activity of the dopamine reuptake inhibitor tesofensine in advanced PD. The effective dosages of 0.25 mg/d and 0.5 mg/d exhibited an acceptable safety profile, while higher dosages may induce adverse reactions of clinical concern in this older population. These pilot results deserve further exploration to better assess the benefit-risk ratio of tesofensine in the treatment of PD. 
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